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Abstract 

Transcutaneous electrical nerve stimulation (TENS) is a type of therapy used primarily for analgesia, but also presents 
changes in the cardiovascular system responses; its effects are dependent upon application parameters. Alterations to the 
cardiovascular system suggest that TENS may modify venous vascular response. The objective of this study was to evaluate 
the effects of TENS at different frequencies (10 and 100 Hz) on venous vascular reactivity in healthy subjects. Twenty-nine 
healthy male volunteers were randomized into three groups: placebo (n = 10), low-frequency TENS (10 Hz, n = 9) and high- 
frequency TENS (100 Hz, n = 10). TENS was applied for 30 min in the nervous plexus trajectory from the superior member 
(from cervical to dorsal region of the fist) at low (10 Hz/200 ^s) and high frequency (100 Hz/200 |.is) with its intensity adjusted 
below the motor threshold and intensified every 5 min, intending to avoid accommodation. Venous vascular reactivity in 
response to phenylephrine, acetylcholine (endothelium-dependent) and sodium nitroprusside (endothelium-independent) was 
assessed by the dorsal hand vein technique. The phenylephrine effective dose to achieve 70% vasoconstriction was reduced 
53% (P<0.01) using low-frequency TENS (10 Hz), while in high-frequency stimulation (100 Hz), a 47% increased dose was 
needed (P<0.01). The endothelium-dependent (acetylcholine) and independent (sodium nitroprusside) responses were not 
modified by TENS, which modifies venous responsiveness, and increases the low-frequency sensitivity of a1 -adrenergic 
receptors and shows high-frequency opposite effects. These changes represent an important vascular effect caused by TENS 
with implications for hemodynamics, inflammation and analgesia. 
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Introduction 

Transcutaneous electric nervous stimulation (TENS) 
has been widely used as a tool for treatment of acute and 
chronic pain. However, this therapeutic modality modifies 
the cardiovascular system responses, causing vasodilation 
(1,2), increasing blood flow (1,3-5), and decreasing 
peripheral vascular resistance (6-8), heart rate (9) and 
systemic arterial blood pressure (2,8,9), all of which are 
associated with modulating the autonomic balance (2,10). 
Therefore, some studies have focused on the application of 
the mentioned therapeutic tools in the treatment of other 



clinical conditions, such as those involving the alteration of 
systemic arterial pressure, as observed for hypertension 
(2,11-13) and diabetes (14,15). 

TENS parameters are variable, according to intensity, 
frequency, pulse duration, positioning of the electrodes 
and application time (16,1 7). Regarding the cardiovascular 
system, the pulse frequency appears to present different 
hemodynamic responses, usually applied at low (<10 Hz) 
or high (>50 Hz) frequencies (17). The application of 
acute TENS at low frequencies (2 and 4 Hz) produced a 
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local increase of muscular (5) and cutaneous (4) blood 
flow. On the other hand, at high frequencies (80 and 
110 Hz), these alterations were not noticed. However, 
high frequency (80 Hz) promoted vasodilatation, reduced 
systemic arterial blood pressure, and improved sympa- 
thetic-vagal balance during exercise (2). Also, when 
applied in the precordial region (70 and 1 50 Hz), it reduced 
serum levels of catecholamines in patients with angina 
pectoris (3,7). 

Alterations caused by TENS on the cardiovascular 
system (1-10), especially the changes to the autonomic 
nervous system (2,10), possibly interact with the layer 
of endothelial cells, because these share a functional 
antagonism with sympathetic nervous system efferents 
in maintaining blood vessel tone (18). The endothelium 
constitutes a dynamic tissue, which is interposed 
between the blood and the smooth muscle layer of blood 
vessels, and is responsive to physical and chemical 
stimuli, with consequent synthesis and/or release of 
regulatory substances that affect the vascular tonus, 
its growth, and platelet and leukocyte aggregation. In 
addition, it modulates the interaction among these cells 
(19,20). 

The effects of TENS on venous vascular reactivity 
and endothelium venous function have not yet been 
investigated, and the changes in the cardiovascular 
system are dependent on the application parameters 
(4,16,17). Based on the information described above, 
we hypothesized that different application parameters of 
this electrical stimulation modify these variables of the 
cardiovascular system. The aim of this study was to 
evaluate the effects of different frequencies (10 and 
100 Hz) of TENS on venous vascular reactivity in healthy 
volunteers. 



Material and Methods 

Setting and participants 

The study was approved by the Health Research Ethics 
Committee at Universidade Federal do Rio Grande, Brazil 
(CEPAS-FURG, No. 78/2011), and all subjects provided 
written informed consent. The evaluations were carried out 
from December 201 1 to December 2012 at Dr. Miguel Riet 
Correa Jr. University Hospital, Universidade Federal do Rio 
Grande (Rio Grande, RS, Brazil). The subjects who joined 
the study were between 20 and 35 years of age; presenting 
a body mass index (kg/m^) lower than 30; nonsmokers; with 
no symptoms of skeletal muscle disorders; with no previous 
diagnosis of rheumatic, cardiovascular, metabolic, neuro- 
logical, oncological, immune, or hematological diseases; 
with no evidence of psychiatric and/or cognitive disorders; 
and were not using any type of medication. Volunteers 
presenting inflammatory response (C-reactive protein 
>3 mg/dL, fibrinogen <200 or >400 mg/dL) or leukocytosis 
(1 1.000 X 10"^/mm^) or who had consumed alcoholic bev- 
erages up to 24 h before the test were excluded. 

Study design 

The sample was composed of 30 volunteers (according 
to the sample calculation), randomized by a computer 
program (www.random.org). The information was sealed in 
a brown envelope, and the groups and evaluators were 
blinded to the type of intervention. The groups were divided 
into the placebo group (n = 10), the low-frequency TENS 
group (10 Hz, n = 9), and the high-frequency TENS group 
(100 Hz, n = 10). After data collection, one volunteer was 
excluded due to evidence of leukocytosis and high C- 
reactive protein levels. A flowchart of the volunteers is 
presented in Figure 1. Venous endothelial function was 
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Figure 1. Flowchart of the volunteers in the study. 
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Figure 2. Location of electrodes. 

evaluated before and immediately after the application of 
TENS. To prevent postprandial metabolic interference, 
volunteers underwent a 12-h fasting period (21,22) and 
remained in this condition during the experimental protocol. 

Interventions 

During the application of the protocol, the volunteers 
were lying comfortably in a supine position, with a head 
elevation of 30°, resting their knees and elbows over the 
bed. The spots where the electrodes were placed were 
previously cleaned with 70% alcohol. TENS equipment 
(Quark, model Nemesys 941, Brazil), waveform biphasic 
symmetric, was applied on the nervous plexus trajectory 
from the superior member. Autoadhesive electrodes 
(5 X 5 cm area) were used and placed distally in the 
dorsal region of the wrist and in the proximal region of the 
cervicothoracic region (between C4 and T1), as shown in 
Figure 2. TENS was applied for 30 min at a low (TENS, 
10 Hz/200 us) or high (TENS, 100 Hz/200 |.ts) frequency. 
The Intensity of the current was adjusted, initially and after 
every 5 min, under the motor threshold. The aforemen- 
tioned procedures were repeated in the placebo group 
with the equipment turned off. The equipment was 
standardized before and after data collection. 

Measurements 

Venous endothelial function was assessed in all 
volunteers with the dorsal hand vein technique. This 
method was previously described by Aellig (21). Briefly, a 
23-gauge butterfly needle was inserted into a suitable vein 
on the back of the hand, and a continuous infusion of 
physiological saline (0.3 mL/min) was started. A tripod 
holding a linear variable differential transformer (LVDT; 
Shaevitz Engineering, USA) was mounted on the hand with 
the central aperture of the LVDT that contained a movable 



metallic core at a distance of 1 0 mm downstream from the 
tip of the needle. The signal output of the LVDT, which is 
linearly proportional to the vertical movement of the core, 
provided a measurement of the vein diameter. Readings 
were taken at a congestive pressure of 40 mmHg by 
inflating a blood pressure cuff placed on the upper portion 
of the arm being studied. The diameter of the vein during 
saline infusion with the cuff inflated was defined as 100% 
relaxation. Afterward, the vein was preconstricted, by 
infusing increasing doses (7 min each) of the a1 -adrener- 
gic selective agonist phenylephrine (37-25,000 ng/mL), 
until the dose that produced approximately 70% constric- 
tion of the vein (ED70) was found. This degree of 
preconstriction was defined as 0% venodilation. 
Endothelium-dependent venodilation was assessed with 
incremental infusions (6 doses for 3 min each dose) of 
acetylcholine (12-12,000 ng/mL). Endothelium-indepen- 
dent (3 doses) vasodilation was assessed with sodium 
nitroprusside (156-3,125 ng/mL). Both were calculated as 
the percentage range between 100 and 0% venodilation. 
The individual effects were analyzed as the percentage of 
maximum venodilation (21 ,22-25). Drugs were infused with 
a Harvard infusion pump (Harvard Apparatus Inc., USA). 
Blood pressure and heart rate were monitored in the 
contralateral arm with a sphygmomanometer. Ambient 
temperature was kept constant (23°-25°C). 

Cholesterol, triglycerides, high-density lipoproteins, 
glucose, and urea were measured using Labtest kits 
(Labtest Diagnostica SA, Brazil) and analyzed using Lab 
Max 240'*' (Japan) equipment. Low-density lipoproteins 
were calculated by Friedewald's formula. Fibrinogen was 
analyzed by Start (Diagnostica Stago, France) equipment 
using a Labtest kit. Ultrasensitive C-reactive protein was 
evaluated by nephelometry (nephelometer model IMMAGE 
using laboratory reagent CCRP, Beckman Coulter, USA), 
nomogram blood tests (erythrogram and leukogram) 
were automatically processed using ABX kits (Horiba 
Diagnostica, Brazil) and also by microscopy. Glucose levels 
were measured by the Trinder assay (calorimetry) in Lab 
Max 240" equipment. Insulin was assessed by chemilu- 
minescence using Immulite " DPC equipment (Diagnostic 
Products Corporation, USA). Glycosylated hemoglobin was 
determined by an enzymatic method using Lab Max 240 ® 
equipment. 

Sample calculation 

We estimated that a sample size of 9 individuals in each 
group would have a power of 80% to detect a 60% 
difference between means (phenylephrine dose) of 70% 
constriction of the vein (ED70) with 40% standard deviation, 
for a = 0.05. 

Data analysis 

All continuous variables were tested for normal distri- 
bution with the Kolmogorov-Smirnov test. Continuous 
variables are reported as means ± SD if normally distributed; 
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Table 1. Clinical and metabolic characteristics of the studied subjects. 



Characteristic 
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49.2 
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Hemoglobin (g/dL) 


14.7 
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14.4 


± 


1.1 


14.9 


± 1.0 


Leukocytes (xlO^/mm^) 


6100 


± 


807 


5822 
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6450 


± 1420 


Platelets (x10^/mm^) 


268 


± 


39 
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Cholesterol (mg/dL) 
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± 
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155 
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35 


152 


± 35 


Triglycerides (mg/dL) 


100 
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94 


± 52 
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31 
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77 


± 


5 


78 


± 


4 


74 


± 7 
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± 
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± 


53 


269 


± 65 


CRP (mg/dL) 


1.7 


± 


0.9 


1.4 


± 


1.0 


1.7 


± 1.0 



Data are reported as means ± SD. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density 
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HbAio: glycated hemoglobin; CRP: C-reactive protein. P>0.05 (ANOVA). 



otherwise, they are reported as median with 25th and 75th 
percentiles. Variations between drug dose (dose after minus 
dose before) are reported as mean differences and 95% 
confidence intervals (95%CI). Variables that did not have a 
Gaussian distribution were log transformed before further 
analysis (Ioqiq)- Differences between the characteristics of 
the groups were tested with one-way analysis of variance 
(ANOVA). For data obtained on two occasions, a two-way 
repeated-measure ANOVA followed by the Bonferroni post 
hoc test was applied. P<0.05 was considered to be 
statistically significant. 

Results 

The characteristics of the volunteers are shown in 
Table 1 . The groups did not present differences regarding 
physical or biochemical variables. The 29 volunteers were 
normotensive, eutrophic, and normoglycemic, with no 
evidence of inflammatory processes and presenting all of 
the remaining blood biochemical variables under normal 
conditions. 

Venous endothelial function data are reported in Table 2. 
Venoconstriction percentages (ED/o) in response to phen- 
ylephrine and maximum venodilation (Emax) responses 
(endothelium-dependent, in response to acetylcholine, and 
endothelium-independent, in response to sodium nitroprus- 
side) were not modified in response to TENS. 
Phenylephrine, acetylcholine, and nitroprusside doses were 
similar among groups before TENS application. The 
necessary phenylephrine dose to reach ED70 after TENS 



application remained the same in the placebo group. 
However, the application of TENS at low frequencies 
(10 Hz) decreased the phenylephrine dose to reach ED70 
by 53% (P<0.01, mean difference -39.6 ng/mL, 95%CI = 
-57 to -21). On the other hand, after high-frequency 
stimulus (100 Hz), a 47% higher phenylephrine dose was 
necessary (P<0.01, mean difference 90.0 ng/mL, 
95%CI = 19-160) to reach this effect (group: P = 0.011, 
interaction: P<0.001 ; data are reported as logio in Figure 3). 
TENS did not change the doses of acetylcholine and sodium 
nitroprusside required to reach Emax. Arterial systolic and 
diastolic pressures were not modified after the application of 
different frequencies of TENS (data not shown). 

Discussion 

Our data showed that TENS modified the venous 
response and different stimulation frequencies increase or 
diminish the sensitivity of al -adrenergic receptors. Low 
frequencies (10 Hz) increased and high frequencies 
(100 Hz) decreased the sensitivity of these receptors, 
demonstrating that different stimulus frequencies promote 
opposite effects on these receptors, depending on TENS 
application. Regarding the cardiovascular system, the al- 
adrenergic receptor alters vasomotricity, modulating pe- 
ripheral vascular resistance by venoconstriction, and 
cooperating with systemic arterial blood pressure adjust- 
ments by venous return, in response to sympathetic 
nervous system stimulation by catecholamines (26,27). 
Noradrenalin (relatively nonselective) and adrenalin (lightly 
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Table 2. Venoconstriction (phenylephrine) and endothelium-dependent (acetylcholine) and endothelium-independent (sodium 
nitroprusside) venodilation in percentage and drug concentrations. 



Response to TENS 



Before 



After 



Group 



Time 



Interaction 



Percentage 
Phenylephrine £0/0% 

Placebo 

10 Hz 

100 Hz 
Acetylcholine %Emax 

Placebo 

10 Hz 

100 Hz 
Sodium nitroprusside 

Placebo 

10 Hz 

100 Hz 
Drug concentration 
Phenylephrine ED7o% 

Placebo 

10 Hz 

100 Hz 
Acetylcholine %Emax 

Placebo 

10 Hz 

100 Hz 
Sodium nitroprusside 

Placebo 

10 Hz 

100 Hz 



%Emax 



(ng/mL) 



(ng/mL) 



76 ± 8 

74 ± 9 

75 ± 9 

82 ± 17 

79 ± 11 

81 ± 22 

152 ± 27 

150 ± 26 

152 ± 28 



75 (75-262) 
75 (75-75) 
75 (75-244) 



660 (120-5100) 
1200 (120-2400) 
2400 (390-6000) 
Emax (ng/mL) 

1562 (1562-1562) 
1562 (1562-1562) 
1562 (976-1562) 



73 ± 5 0.770 
71 ± 9 
73 ± 6 

83 ± 10 0.160 
92 ± 20 
75 ± 12 

147 ± 26 0.807 
153 ± 35 
147 ± 23 



75(75-262) 0.011 
38 (38-75)** 
150 (150-300)**"^ 

660 (120-2400) 0.574 
1200 (120-2400) 
1800 (1200-5100) 

1562 (1562-1562) 0.762 
1562 (1562-1562) 
1562 (976-1562) 



0.180 



0.321 



0.993 



0.928 



0.571 



0.940 



0.951 



0.404 



0.829 



<0.001 



0.922 



0.235 



Data are reported as means ±SD if normal distribution, and median with 25th to 75th percentile if not normal distribution. *P<0.05, 
before vs after; *P<0.05, TENS vs placebo; "^P<0.05, TENS 10 Hz vs TENS 100 Hz (two-way ANOVA with repeated measures 
followed by the Bonferroni test). 
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Figure 3. Phenylephrine dose required to reach ED7o% of 
venoconstriction. Data are reported as means ±SD. *P<0.05, 
before vs after; *P<0.05, TENS vs placebo; "^P<0.05, TENS 
10 Hz vs TENS 100 Hz (two-way ANOVA with repeated 
measures followed by the Bonferroni test). 



selective for a2-adrenoceptors) are the catecholamines 
acting on a1- and a2-adrenoceptor peripherals interfering in 
blood circulation (26,27), and the main sources are 
circulation and local release from postganglion sympathetic 
nerve fibers (28). The increase in the endogenous 
catecholamines is associated with modulation of pain and 
the innate immune response (28,29). 

al -adrenergic receptor sensitivity changes in response 
to different frequencies of TENS application, which might 
be caused by variations in plasma concentrations of 
catecholamines or by direct effects on receptors. For 
patients presenting angina pectoris, TENS, when applied 
on the precordial region at high frequencies (150 and 
70 Hz), diminishes peripheral vascular resistance and 
arterial systolic pressure (7) by reducing serum levels of 
adrenalin (3,7) and noradrenalin (7) and increasing 
coronary blood flow, suggesting that these alterations 
occur at the microcirculation level (3). Despite the levels of 
these neurotransmitters not being measured in the present 
study, the mentioned studies present a hypothesis for the 
effect found in our research, as catecholamines are the 
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agonists of a1- and Q(2-adrenergic receptors (26,30) and 
were decreased after TENS application. 

Anottier mechanism proposed for sensitivity alterations 
of a1 -adrenergic receptors is the local activation of 
sympathetic postganglion fibers. Sherry et al. (8) have 
demonstrated that TENS at low frequencies promotes the 
circulatory alterations caused by the stimulation of sympa- 
thetic postganglion efferent fibers. TENS at low frequencies 
produced small and transitory increases in the blood flow 
and reduced the cutaneous temperature, suggesting that 
these responses were not evinced at high frequencies 
(4,31). This increase in blood flow was also demonstrated in 
the skeletal musculature, but only for TENS at low fre- 
quencies (5). Miller et al. (1 ) have shown that the increase in 
blood flow and reduction of peripheral vascular resistance 
are similar to voluntary muscle contractions, as TENS at low 
frequencies has increased the persistence of this effect. 
This method of TENS application favors skeletal muscle 
contraction (1,5), which leads to an increase in blood flow 
due to arterial vasodilation and local venoconstriction (26). 
Therefore, this state of venous preconstriction would 
promote a greater sensitivity of the al -adrenergic receptors 
found in our study after the application of low-frequency 
TENS. 

The results of clinical effectiveness from different TENS 
frequencies on the hemodynamic response are controver- 
sial. For healthy subjects, low-frequency TENS reduced 
sympathetic and increased parasympathetic modulation; 
however, at high frequencies, these results were the 
opposite (10). In this regard, the chronic application of low- 
frequency TENS reduced arterial systolic and diastolic 
pressure in hypertensive patients (11,12). However, recent 
studies have demonstrated that, at low frequency, TENS did 
not modify the values of systemic arterial pressure in 
normotensive (32) and hypertensive volunteers (13). On the 
other hand, high-frequency TENS decreased heart rate, 
systolic arterial pressure, and the double product in healthy 
volunteers (9). For hypertensive patients, this method of 
application promoted a decrease in systemic arterial 
pressure and metaboreflex and vasoconstriction responses, 
leading to an improvement of the sympathetic-vagal balance 
during exercise (2). Our results suggest that the hemody- 
namic alterations produced by different frequencies of TENS 
present a biphasic sympathetic response of a1 -adrenergic 
receptors. Moreover, it should be emphasized that the 
different hemodynamic responses are related to other 
parameters (intensity, frequency, pulse duration, electrode 
positioning, and application time) of TENS application 
(16,17), as well as to different types of populations studied. 
Therefore, the results of this study, regarding frequency, 
differ from each other and must be analyzed according to 
the context in which they were carried out. 

Borderline hypertensive patients and young descen- 
dants of hypertensive persons have presented lower 
venous compliance, partly due to the increase in veno- 
constriction mediated by a1 -adrenergic receptors (33). 



TENS peripherally applied at high frequencies reduces 
the sensitivity of these receptors and increases venous 
compliance, which favors the reduction of systemic arterial 
pressure, for this clinical condition, and allows, therefore, 
the perception of a potential nonpharmacological therapy, 
especially for patients presenting refractory hypertension 
and/or hypertensive crisis. In the present study, it should 
be highlighted that no modifications in systemic arterial 
pressure were observed and, although the study was not 
designed to analyze this closure, the authors believe that 
this fact is due to the normotensive characteristic of the 
volunteers and also due to the small area of TENS 
application (superior member). 

To understand the analgesic and anti-inflammatory 
implications caused by the changes in od -adrenergic 
receptor sensitivity in response to TENS application, it 
should be emphasized that the sympathetic nervous system 
is an important regulatory mechanism for the innate immune 
response (28,29). King et al. (30) have demonstrated in an 
experimental study that TENS at low and high frequencies 
modifies the sensitivity of peripheral a2-adrenergic receptors 
and that this mechanism contributes to the analgesia 
efficiency mediated by this method. On the other hand, 
0(1 -adrenergic receptors seem to present postinflammatory 
effects as a response to the immune system, especially 
chronic inflammatory effects (34). Studies involving human 
cell cultures have shown that the expression of these 
receptors in monocytes and macrophages increases inter- 
leukin (IL)-1 production (31). The same occurs in fibroblasts 
and cardiomyocytes, in which stimulation of the mentioned 
receptors promotes the expression and production of IL-6 
(34). Regarding both situations, p38 mitogen-activated 
protein kinase and nuclear factor-KB pathways are involved 
(29,34). These cells directly interact with the vascular 
endothelium (19), and this might be one mechanism by 
which alteration in the function of otl -adrenergic receptors 
induced by TENS can interfere in the inflammatory 
response. The absence of plasma catecholamine measures 
and the local application of TENS are the limitations of the 
present study. 

In conclusion, TENS modifies venous responsiveness 
verified by changed responses of venoconstriction and 
al -adrenergic receptors, considering that low frequency 
increases and high frequency reduces the sensitivity of 
these receptors. These data present a new action 
mechanism of TENS on the cardiovascular system that 
may have implications on the hemodynamic and inflam- 
matory responses in healthy or diseased subjects. 
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